Background and Aims: Although paediatric Crohn's disease [CD] has a different phenotype and clinical course to adult CD, its clinical features and surgical risks are poorly defined, especially in Asian countries. The aim of this study was to investigate the clinical features and long-term outcomes of paediatric CD in a Korean population. Methods: We retrospectively analysed 594 patients who were younger than 18 years of age at CD diagnosis between 1987 and 2013. Patient characteristics at diagnosis according to the Paris classification and clinical courses were analysed. Results: The male-to-female ratio was 2.4:1 and the median age at CD diagnosis was 15 years [range, 2-17 years]. A positive first-degree family history of inflammatory bowel disease was present in 30 patients [5.1%]. Sixty-seven patients [11.3%] showed growth impairment. The cumulative probabilities of perianal fistula at 1, 5 and 10 years after diagnosis were 50.3%, 54.9% and 57.6%, respectively. The cumulative probabilities of anti-tumour necrosis factor treatment at 1, 5, 10 and 20 years after diagnosis were 10.7%, 25.8%, 41.8% and 76.3%, respectively. The cumulative probabilities of intestinal resection at 1, 5, 10 and 20 years after diagnosis were 4.5%, 17.2%, 33.9% and 62.9 %, respectively. In multivariate analysis, complicated behaviour and isolated colonic location [L2] at diagnosis were associated with an increased and decreased risk of intestinal resection, respectively. Conclusions: Our study is the largest Asian paediatric study which applied the Paris classification to patients. This study provides detailed information on disease phenotype and long-term clinical outcomes in a large cohort of Asian children with CD.
Introduction
Crohn's disease [CD] is a chronic relapsing inflammatory disorder. 1 The factors involved in its pathogenicity, such as genetic predisposition, environmental changes and enteric flora, are still unknown in both adult and paediatric patients. [2] [3] [4] As in adults with inflammatory bowel disease [IBD] , the incidence of CD in children is rising worldwide, 5 and Korea is also one of the new populations showing an exponential increase in the incidence of paediatric CD. 6 The clinical features of paediatric CD are distinct from those of adult patients in some respects. [7] [8] [9] [10] Paediatric CD is likely to have a more extensive and complicated phenotype, resulting in high severity. 7, 11 Children who are younger than 10 years at diagnosis are likely to have isolated colic disease [L2 location] and upper gastrointestinal involvement, 7, 9 while ileocolonic diseases [L3 location] are predominantly seen in adolescents and adults. 12 Furthermore, patients with very early-onset CD [onset <6 years of age] are more likely to have severe colitis refractory to conventional treatments and are of particular interest to IBD geneticists. 13 The CD may present with primary immune deficiencies showing Mendelian inheritance such as chronic granulomatous disease, Wiskott-Aldrich syndrome, interleukin-10 deficiency and X-linked inhibitor of apoptosis deficiency. 13, 14 In addition, nutritional issues and failure to thrive are common and significant clinical issues that can lead to growth failure. 15, 16 For example, prepubertal patients in the <3 percentile group for height showed no catch-up growth and had an early relapse of the disease after surgery. 17 Therefore, the international group of IBD experts presented a new classification, the Paris classification, for paediatric patients with IBD. 18 Important modifications included classification of age at diagnosis as A1a Surgical risks are 17-35% at 5 years after the diagnosis of paediatric CD. [19] [20] [21] Due to the longevity of this chronic disease, children may be more vulnerable to cumulative mucosal injuries. In fact, childhood-onset CD has shown a three times higher cumulative risk of complicated CD than adulthood-onset CD. 22 Few risk factors for intestinal surgery have been identified and those identified are still controversial. 19, [22] [23] [24] Not only demographic factors [age and sex], but also the phenotype at the time of diagnosis [complicated behaviour, small bowel and ileocecal involvement, and perianal fistula] have been discussed in the literature. Treatment modalities such as azathioprine and infliximab also reduce the surgical risks of paediatric CD. 19, 21 Therefore, recognition of the risk factors for intestinal resection is important to determine the appropriate top-down or early aggressive strategy for higher-risk children.
Because there are few data on the clinical characteristics and natural history of paediatric CD, especially in Eastern countries, we investigated the clinical characteristics and long-term outcomes of CD patients who were diagnosed at a single tertiary hospital in Korea.
Materials and Methods

Patients
Patients with CD who were diagnosed before 18 years of age between March 1987 and December 2013 were enrolled. They were registered at the IBD Center and Children's Hospital of the Asan Medical Center, a tertiary-care referral hospital. Six of monogenic IBD patients were excluded from the study. A diagnosis of CD was based on conventional clinical, upper and lower endoscopic, radiological and histological criteria, and indeterminate colitis, infections or other recognized causes of intestinal inflammation were excluded by appropriate investigations. 25 A total of 235 patients were first diagnosed at the Asan Medical Center and 359 patients were diagnosed and referred from other hospitals or primary clinics [see Supplementary data, available at ECCO-JCC online].
Study design
All data were collected from the IBD registry of the Asan Medical Center or obtained by retrospective review of the medical records. Medical information prior to the first visit to the Asan Medical Center was retrospectively obtained by interviewing the patients at their first visit or by reviewing the medical records provided by the referring physicians.
Baseline demographic and clinical characteristics of patients, including gender, age at diagnosis, interval from onset of symptoms to diagnosis, family history of IBD, extraintestinal manifestations, disease behaviour and location, presence of perianal fistula and growth failure, were evaluated. To determine the long-term outcomes of the disease, we evaluated the initiation of various medications, changes in disease behaviour and cumulative probability of surgery. We also analysed the risk factors for intestinal resection. In addition, to evaluate the changes in baseline characteristics, treatment policies and prognosis of CD, we divided the patients into three consecutive cohorts based on the date of diagnosis [cohort 1, 1987- Age at diagnosis, disease location and behaviour of CD were categorized according to the Paris classification. 18 Growth impairment was defined when height z-score at diagnosis or subsequently was significantly less than the expected height z-score. 18 Our treatment policy is the same as that of Western countries. We used more aggressive therapies when patients became unresponsive to first-line agents. 26 Early corticosteroids use was defined as the initiation of therapy within 3 months of diagnosis. In the case of thiopurines or anti-tumour necrosis factor [TNF] agents, early use was defined as treatment starting within 6 months before the intestinal surgery and within the first year of diagnosis. 27 This retrospective analysis was approved by the Institutional Review Board of Asan Medical Center [IRB number: 2014-1064].
Statistics
Continuous data were expressed as medians with ranges and discrete data as numbers and percentages. We used chi-square or Fisher's exact tests to compare binominal variables. The cumulative probabilities of medication use, perianal fistula and intestinal resection were calculated using the Kaplan-Meier method. Differences between Kaplan-Meier curves were compared using a log-rank test. To quantify risk, we used the hazard ratios [HRs] of the Cox proportional hazards models. All prognostic variables with a p value < 0.1 in univariate analysis were included in the multivariate analysis. A p value < 0.05 was considered to be statistically significant. Statistical analysis was performed using SPSS version 18.0 [IBM]. Table 1 .
Results
Baseline characteristics of the study subjects
When analysed according to the place of first diagnosis, the proportions of A1a group [0 to <10 years of age at diagnosis] at diagnosis [3.8% vs. When analysed according to age groups at diagnosis, the proportion of isolated colonic location [L2] at diagnosis was higher significantly in the A1a group [0 to <10 years of age at diagnosis] than in the older age groups [p < 0.001]. In addition, at diagnosis of CD, patients in the A1a group tended to show lower rates of complicated behaviour and perianal fistula than those in the older age groups, although the differences were not statistically significant. The clinical characteristics of CD at diagnosis according to age at diagnosis are summarized in Table 2 . The cumulative probability of corticosteroids prescription decreased from cohort 1 to cohort 3, whereas that of thiopurines and anti-TNF agents prescription increased from cohort 1 to cohort 3 [ Figure 1 ]. The 1-and 5-year cumulative probabilities of receiving corticosteroids decreased from 54.2% and 67.7%, respectively, in cohort 1 to 47.2% and 57.4%, respectively, in cohort 3 [p < 0.001]. The median interval from CD diagnosis to the start of corticosteroids decreased from 2.8 years in cohort 1 to 0.7 years and 0.4 years in cohorts 2 and 3, respectively [p < 0.001]. The 1-and 5-year 
Medical treatment
Clinical course
The median duration of follow-up was 6.8 years [range, 1 month to 27 years]. A positive family history of IBD was seen at diagnosis and/ or during the follow-up in 40 patients [6.7%], 30 of whom [5.1%] had a positive family history of IBD among first-degree relatives. Six and four patients had a positive family history of IBD among second-and third-degree relatives, respectively. Regarding disease behaviour at diagnosis, 89.5% had B1 disease, 9.4% had B2 and 1.1% had B3 or B2B3. At 5 years after diagnosis, these proportions were 68.0% with B1 disease, 23.8% with B2 and 8.2% with B3 or B2B3. At 10 years after diagnosis, these proportions were 50.0% with B1 disease, 32.9% with B2 and 17.1% with B3 or B2B3. At 20 years after diagnosis, the proportion of patients according to disease behaviour was 18.7% with B1 disease, 36.9% with B2 and 44.4% with B3 or B2B3 [ Figure 2 ].
Perianal fistula occurred at least once in 329 patients [55.4%]. The cumulative probabilities of perianal fistula were 46.7% at diagnosis, 50.3% at 1 year, 54.9% at 5 years and 57.6% at 10 years after diagnosis.
Intestinal resections were performed in 135 patients [22.7%] . The cumulative probabilities of intestinal resection were 1.7% at diagnosis, 4.5% at 1 year, 17.2% at 5 years, 33.9% at 10 years and 62.9% at 20 years after diagnosis [ Figure 3 ]. Kaplan-Meier curves showed the cumulative probabilities of intestinal resection according The risk of intestinal resection was not different among the three temporal cohorts and the place of first diagnosis.
Discussion
This large single-centre study, which applied the Paris classification for the first time to an Asian paediatric population with CD, provides detailed information on the disease phenotype and long-term course. In this study, the predominance of males, as observed in Western studies, was evident and perianal disease appeared more common at diagnosis.
Similar to other paediatric studies, a male predominance was noted. However, the male-to-female ratio of 2.4:1 was higher than the 1.8:1 ratio of a Japanese nationwide survey 10 and much higher than the 1.6:1 ratio of two Western population-based studies. 28, 29 A greater predominance of Asian male adult patients can be postulated to be due to cigarette smoking, an important environmental risk factor for CD. 30 However, the male predominance in paediatric patients, who are unlikely to be exposed to smoking, weakens the hypothesized association between male predominance and smoking. [7.7] Data are presented as a number [%] . *L4a/L4b may coexist with L1, L2 and L3, respectively. Age at diagnosis, disease location, behaviour and growth impairment were categorized according to the Paris classification.
In contrast to Western studies, approximately half of the children with CD in this study had perianal fistula. The incidence of perianal fistula in Western paediatric groups was much lower than in present study [9-18%] . 31, 32 One Asian adult study and our paediatric study reported the association between tumour necrosis factor superfamily member 15 polymorphisms and perianal lesion. 33, 34 Different genetic features may be influencing this, but a definite explanantion is lacking and more studies may be needed to resolve this. The results of our present study did not reflect a referral bias, because the patients diagnosed at our hospital initially also had a high incidence of perianal fistula at diagnosis [47.2%].
Different disease location-related findings were seen in this paediatric cohort. Ileocolonic [L3] disease [79.3%] was frequently noted in this study, whereas isolated colonic [L2] disease [8.2%] was less common than in Western countries. 35, 36 Considering the tendency of younger children to have more isolated colonic disease, 36 the lower proportion of A1a patients in this cohort may be partly related to the lower incidence of L2 disease. The number of children younger than 10 years may have been underestimated in our study.
Disease behaviours in our present study series were monitored during a median follow-up of 6.8 years. As shown in Figure 2, cumulative probabilities of B2 and B3/B2B3 disease increased from 9.4% and 1.1% to 23.8% and 8.2% at 5 years, respectively, and to 36.9% in B2 and 44.4% in B3/B2B3 at 20 years. Compared with a recent Korean adult study [10. 1% in B2 and 12% in B3 at diagnosis; 17.4% in B2 and 28.2% in B3 at 5 years], 24 the proportion of patients with complicated behaviour at diagnosis was lower in our study. Furthermore, intestinal resection was performed more commonly for adult-onset CD [35.5% in adults, 24 vs 22.7% in the present study] and the cumulative probability of surgery was lower in paediatric-onset CD patients. The cumulative probabilities of intestinal resection at 10 and 20 years after diagnosis were 33.9% and 62.9% in our study, respectively, compared with previously reported cumulative probabilities for adult-onset CD patients of 43.5% and 70.0% at 10 and 20 years after diagnosis. 24 Van Limbergen et al. 11 reported that 20.2% of paediatric-onset CD patients had undergone surgery at 5 years after diagnosis versus 42.8% of adult-onset CD patients, although paediatric-onset CD is characterized by extensive intestinal involvement. A population-based study by Vernier-Massouille et al. 21 reported the cumulative probability of intestinal resection at 5 years was 35%, whereas that of our present study was 17.2%. Therefore, Korean children with paediatric CD seem to experience a more benign clinical course.
The increased incidence of CD has favoured its early detection and proper treatment. The median time from symptom appearance to diagnosis and prescription of anti-tuberculosis medication has decreased. Moreover, immunomodulators and biologics are increasingly being used and at an earlier stage. However, the increasing use of these medications has not reduced the cumulative probability of surgery over time and we also could not find a significant impact of early or ever use of anti-TNF agents and immunomodulators on the rate of surgery. Gupta et al. 19 reported that treatment with infliximab was associated with a decreased risk for surgery. Another adult population study by Lakatos et al. 37 reported that early treatment with immunomodulators reduced the rate of surgery. However, it is difficult to confirm the effect of these medications on decreasing the rate of surgery, because immunomodulators or anti-TNF agents are used in patients with a more severe disease. In the present study, we applied the Paris classification to a large group of Asian patients and found a higher proportion of patients with isolated colonic-type CD [28.6% vs 9%, p < 0.001] in the A1a group than in the A1b group, which was also shown in previous studies. 36, 38 However, in contrast to a previous study that reported a poor prognosis of L4b disease, 39 separation of the upper location [L4a/L4] did not affect the natural history of the disease in our study. The number of patients who had B2B3 was small and it was not associated with any specific findings. Thus, more studies may be needed to determine the appropriateness of the revision to the Montreal classification.
There were several limitations to our study. First, the study patients were from a single referral centre, which may not reflect the general prevalence and prognosis of Korean paediatric CD. Also, the retrospective design may have introduced a bias. Second, although a large number of patients were included, because of the small proportion of patients in the A1a group, we could not find an association between age at diagnosis and risk of surgery in univariate analysis.
In conclusion, our current study provides detailed information on disease phenotype according to the Paris classification and long-term course in a large cohort of Asian children with CD. By comparing our results with those of previous studies, characteristic findings were noted regarding disease phenotype and clinical course. The prevalence of perianal fistula at diagnosis was higher than reported from other Western studies. Behaviour and location at the time of diagnosis were risk factors for intestinal resection, suggesting the need for a modified strategy for children with surgical risks. The potential controversies caused by a referral bias in this study could be resolved by a future population-based study.
